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COMMUNICATION DEVICE INCLUDING 
MULTIPLE LO RECEIVERS 

BACKGROUND 

In many applications, a single communications device 
(e.g., a digital radio handset or a mobile phone) is expected to 
concurrently receive data over multiple channels. For 
example, some digital radio handsets include multiple hard 
ware subunits for concurrently demodulating two indepen 
dent streams of I/O data. Examples of communication stan 
dards that can make use of such functionality include the 3G 
Dual Cell High Speed Downlink Packet Access standard 
(DC-HSDPA) and the 2G EDGE Evo Down Link Dual Car 
rier standard (2G DLDC), among others. 

In an attempt to concurrently receive data over multiple 
channels, some conventional communication devices include 
separate first and second I/O receiver subunits. A first local 
oscillator (LO) signal generator provides a first pair of LO 
signals to the first I/O receiver subunit, wherein the first pair 
of LO signals share a common frequency but are phase 
shifted by 90° relative to one another. Similarly, a second LO 
signal generator provides a second pair of LO signals to the 
second I/O receiver subunit, wherein the second pair of LO 
signals also share a common frequency and are also phase 
shifted by 90° relative to one another. Although such conven 
tional communication devices may be sufficient in some are 
nas, cross-talk between the receiver Subunits can seriously 
degrade quality of reception in at least two cases. 

First, cross-talk can arise when a first oscillator, which is 
used to generate the first pair of LO signals for the first 
receiver subunit, is tuned closely to a second oscillator, which 
is used to generate the second pair of LO signals for the 
second receiver subunit. For example, cross-talk can arise 
when the first and second receivers receive data streams on 
adjacent 2G channels (e.g., first receiver receives a wanted 
radio frequency (RF) signal at 2 GHz, and second receiver 
receives a wanted RF signal at 2 GHz+200 kHz). In this 
situation, the first and second oscillators deliver nearly the 
same frequency (e.g., 4 GHz, and 4 GHz+400 KHZ, respec 
tively) to first and second divide-by-two frequency dividers, 
respectively. The close proximity of these oscillation frequen 
cies can generate crosstalk between the receiver subunits 
making accurate down conversion/demodulation difficult. 

Second, cross-talk can also occur when a harmonic fre 
quency used in one receiver subunit is close to the wanted RF 
frequency (or a harmonic frequency) used in the other 
receiver subunit. For example consider a receiver where the 
oscillator supplying the LO signals to the first I/O receiver 
oscillates at a frequency of 200 MHZ (and hence has harmonic 
frequencies at 400 MHz, 600 MHz, 800 MHz, and so on). If 
the wanted RF signal for the second I/O receiver has a fre 
quency of 400 MHz, a harmonic frequency from the first I/O 
receiver can degrade the signal on the second I/O receiver, or 
Vice versa, thereby impeding accurate reception of data. 

Therefore, in view of the shortcomings of conventional 
multi-band receivers within mobile phones and other com 
munication devices, the inventors have devised improved 
receivers that limit signal degradation due to crosstalk 
between reception units. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating a multi-band receiver 
in accordance with some embodiments. 

FIG. 2 is a set of timing diagrams illustrating one example 
of frequency divider functionality. 
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2 
FIG. 3 is a block diagram illustrating another multi-band 

receiver in accordance with some embodiments. 
FIG. 4 is a block diagram illustrating another receiver in 

accordance with some embodiments. 
FIG. 5 is a flow chart depicting a method in accordance 

with some embodiments. 

DETAILED DESCRIPTION 

The claimed subject matter is now described with reference 
to the drawings, wherein like reference numerals are used to 
refer to like elements throughout. In the following descrip 
tion, for purposes of explanation, numerous specific details 
are set forth in order to provide a thorough understanding of 
the claimed subject matter. It may be evident, however, that 
the claimed subject matter may be practiced without these 
specific details. 

In contrast to a conventional multi-band receiver where 
only dividers having a divisor of two are used. Some embodi 
ments of the present disclosure relate to multiband receivers 
that include at least one frequency divider having a divisor of 
other-than-two. For example, in some embodiments a fre 
quency divider can have a divisor that is an odd integer, Such 
as three. Such divisors allow oscillators for respective 
receiver subunits in a multi-band receiver to have frequencies 
that are sufficiently different from one another so as to limit 
cross-talk interference there between, even when the receiver 
Subunits are concurrently receiving data on adjacent chan 
nels. As will be appreciated in more detail below, to facilitate 
this other-than-two divisor, a phase error compensation block 
is often used to compensate for the phase offset from 90° 
caused by the other-than-two divisor. 

Referring now to FIG. 1, one can see a multiband receiver 
100 in accordance with some embodiments. The illustrated 
receiver 100 includes first and second receiver subunits 102, 
104, respectively, which can be used to receive first and 
second streams of data over first and second RF antennas 106, 
108, respectively. The first and second receiver subunits 102. 
104 include first and second oscillators (110, 112, respec 
tively), first and second dividers (114,116, respectively); and 
first and second demodulation units (118, 120, respectively). 

Notably, rather than having a divider with a divisor of two 
as in conventional communication devices, at least the first 
divider 114 has a divisor of N, wherein N is an integer value 
and N is not an integer multiple of two (e.g., Nz2, 4, 6, 
8. . . . ) Thus, the first divider 114 reduces the oscillation 
frequency of the first oscillator 110 by N, and also induces a 
predetermined phase-shift of M*180°/N between a first LO 
signal 122 and a first phase-shifted LO signal 124, where 
M<N. M. determines the phase shift between the first LO 
signal 122 and first phase-shifted LO signal 124 by counting 
the clock edges of the oscillator signal from oscillator 110. In 
one example, M=1 and N-3, such that a predetermined 
phase shift of 60° is provided between LO signals 122, 124. 
To compensate for the predetermined phase shift of M*180°/ 
N and its offset from 90°, a phase error compensation block 
is often included in the first demodulator 118 (e.g., see FIGS. 
3-4 further herein). 
To limit interference between the receiver subunits 102, 

104, the second divider 116 often has a divisor N that differs 
from divisor N. As will be appreciated in more detail below, 
relative to conventional systems, using different divisors 
allows the oscillation frequencies of the first and second 
oscillators 110, 112 to be spaced further apart than previous 
implementation. Further, using one divisor that is even and 
another divisor that is odds helps to limit interference due to 
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harmonics, because the associated harmonics of the even and 
odd divisors overlap relatively infrequently. 

FIG. 2 shows a pair of timing diagrams illustrating one 
example of how first and second frequency dividers (e.g., 114, 
116 in FIG. 1) can each provide a pair of phase shifted LO 
signals. In the top half of FIG. 2, one can see an example of 
how a first divider (e.g., divider 114 in FIG. 1) having a 
divisor of three (e.g., N=3, M=1) can function. As shown, 
the first divider receives a first oscillator signal 202 having 
frequency fs, and "counts' consecutive edges of the first 
oscillator signal 202. A first LO signal 204 (e.g., 122 in FIG. 
1) changes state each time the count reaches three, as mea 
Sured from a rising edge of the first oscillator signal 202. A 
first phase-shifted LO signal 206 (e.g., 124 in FIG. 1) also 
changes state each time the count reaches three, however, it is 
measured from a falling edge of the first oscillator signal 202. 
In this way, a first LO signal 204 and first phase-shifted LO 
signal 206 are provided with the same frequency 
(e.g., "/3*fs) and with a phase shift there between (e.g., 
1*180°/3=60). 

For comparison, the bottom half of FIG. 2 shows how a 
second divider (e.g., divider 116 in FIG.1) having a divisor of 
two (e.g., N. 2), such as used in an I/O modulator, can 
function. As shown, the second divider receives a second 
oscillator signal 210 having frequency fs, and "counts' 
consecutive edges of the second oscillator signal 210. A sec 
ond LO signal 212 changes state each time the count reaches 
two, as measured from a rising edge of the second oscillator 
signal 210. A second phase-shifted LO signal 214 also 
changes State each time the count reaches two, however, it is 
measured from a falling edge of the second oscillator signal 
210. In this way, the second LO and second phase-shifted 
signals share a common frequency (e.g., /2/*fs) and have 
a 90° phase shift there between. 

Turning now to FIG. 3, one can see another embodiment of 
a multi-band receiver 300 in accordance with some embodi 
ments. Like FIG. 1's embodiment, FIG. 3's embodiment 
includes first and second receiver subunits 302,304, respec 
tively. The first and second receiver subunits 302,304 include 
first and second oscillators (306, 308, respectively), first and 
second frequency dividers (310, 312, respectively), and first 
and second demodulators (314, 316, respectively). The first 
demodulator 314 includes first and second reception paths 
318, 320 stemming from a first RF antenna 322. First and 
second mixers 324, 326 are disposed on the first and second 
reception paths 318,320, respectively. A phase error compen 
sation block 328 is disposed downstream of the first and 
second mixers 324, 326 in the first demodulator. The second 
demodulator 316 includes third and fourth reception paths 
330,332 stemming from a second RF antenna 334. Third and 
fourth mixers 336, 338 are disposed on the third and fourth 
reception paths 330, 332, respectively. 

For purposes of illustration, this embodiment is discussed 
below with respect to an example where first and second 
receiver subunits 302,304 receive separate data streams on 
adjacent 2G channels (e.g., 2 GHz, and 2 GHz, plus 200 KHZ, 
respectively). It will be appreciated that in typical embodi 
ments, the channels over which data streams are received 
change over time and, consequently this example merely 
represents a snapshot of the multiband receiver 300 in time. 
For further purposes of illustration in this example, the first 
frequency divider 310 is discussed as having a divisor of three 
(e.g., M=1; N=3), and the second frequency divider 312 is 
discussed as having a divisor of two (e.g., N=2). It will be 
appreciated that the numerical values discussed herein are not 
limiting in any way, but merely serve to illustrate one practi 
cal context in which the multi-band receiver can be used. 
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4 
Because the first receiver subunit 302 includes a divider 

310 having a divisor of three and expects to receive a wanted 
RF signal at 2 GHz over antenna 322, the first oscillator 306 
is configured to provide an oscillator signal having a fre 
quency of 6 GHz. The first divider 310, which has a divisor 
N=3 in this example, simultaneously cuts the 6 GHz fre 
quency to 2 GHz, and simultaneously provides a 60° phase 
shift between the first LO signal 340 and first phase-shifted 
LO signal 342. Thus, both the first LO signal 340 and the first 
phase-shifted LO signal 342 have a frequency of 2 GHz, and 
are phase-shifted by 60° relative to each other. 
The first and second mixers 324,326 mix the 2GHz wanted 

RF signal from the antenna 322 with the first phase-shifted 
LO signal 342 and first LO signal 340, respectively. The first 
mixer 324 provides a first mixed signal 345 (having frequency 
components at 4 GHZ, and at baseband), and a low-pass filter 
346 blocks the 4 GHz components so the baseband compo 
nent is passed there through. The baseband component is then 
amplified by amplifier 348, and converted to a digital signal 
by analog to digital converter (ADC) 350. Similarly, the sec 
ond mixer 326 provides a second mixed signal 353 (having 
frequency components at 4 GHZ and at baseband), and a 
low-pass filter 354 blocks the 4 GHz component so the base 
band component is passed there through. The baseband com 
ponent is then amplified by amplifier 356, and converted to a 
digital signal by analog to digital converter (ADC) 358. 

Because the signals on the first reception path 318 are 
phase-shifted by 60° relative to the signals on the second 
reception path 320, the phase error compensation block 328 
maps the 60° phase shifted data ("Q-ish') to an orthogonal 
coordinate system (e.g., 90° phase shift). In the illustrated 
example, the 60° phase shifted channel from ADC 350 is 
composed of an i-signal (e.g., cosine 60'-0.5) and a Q-signal 
(e.g., sine 60°=0.5*sqrt.(3)). Thus, in this example, the first 
mixed signal 345 can be made orthogonal to the second mixed 
signal 353 by subtracting 0.5 times the first mixed signal from 
the second mixed signal (e.g., at 356) and correcting the 
amplitude of the second mixed signal by multiplying by 
1/(0.5*sqrt.(3)) (e.g., at 358). 
Because the second receiver unit 304 includes a divider 312 

having a divisor of two and expects to receive a wanted RF 
signal at 2 GHz+200 KHZ, the second oscillator 308 provides 
an oscillator signal having a frequency of 4 GHZ-400 kHz to 
the second frequency divider 312. The second frequency 
divider 312, which has a divisor N=2 in this example, simul 
taneously cuts the 4 GHz+400 kHz frequency to 2 GHZ-200 
kHz to down convert the wanted signal from the second RF 
antenna 344. Hence, using a divisor of three for the first 
divider 310 in combination with a divisor of two for the 
second divider 312 helps to prevent cross-talk, because the 
oscillator frequencies provided by the first and second oscil 
lators 306, 308, respectively, are now spaced apart much 
further than in conventional systems using a first and second 
I/O modulators. Specifically, in the illustrated example, the 
first oscillator 306 has a frequency of 6 GHz and the second 
oscillator 308 has a frequency of 4 GHz-4 kHz, which tends 
to limit interference relative to conventional approaches. 

FIG. 4 shows a standalone receiver subunit 400 that makes 
use of a divider having an other-than-two divisor and a cor 
responding other than 90° phase shift module. This standal 
one receiver is the same as the first receiver subunit 302 in 
FIG.3, and is illustrated in standalone fashion to point out that 
the architecture disclosed is applicable to any type of receiver 
and is not limited to multiband receivers. 

FIG. 5 shows a method in accordance with some embodi 
ments of the present disclosure. While these methods are 
illustrated and described below as a series of acts or events, 
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the present disclosure is not limited by the illustrated ordering 
of Such acts or events. For example, some acts may occur in 
different orders and/or concurrently with other acts or events 
apart from those illustrated and/or described herein. In addi 
tion, not all illustrated acts are required and the waveform 
shapes are merely illustrative and other waveforms may vary 
significantly from those illustrated. Further, one or more of 
the acts depicted herein may be carried out in one or more 
separate acts or phases. It will also be appreciated that the 
communication devices previously illustrated in FIGS. 1-3 
can include suitable hardware and/or software to implement 
these methods. 

FIG. 5 method starts at 502 when a wanted RF signal 
having a wanted RF frequency is received over an RF 
antenna. 

At 504, the method provides an oscillator frequency, fs. 
Often, the oscillator frequency is an integer multiple of the 
wanted RF frequency. 

At 506, the oscillator frequency, fs, is divided by a 
divisor N/M. When this division occurs, a first LO signal and 
a first phase-shifted LO signal are generated. The first LO 
signal and first phase-shifted LO signal share a common 
frequency (e.g., fs/N) and are phase-shifted relative to one 
another by M*180°/N, wherein Nz2 and M-N. Often, Nisan 
odd integer. In some implementations the phase shift ranges 
between about 81 and about 99 due to parasitic effects 
leading to a deviation from the ideal 90°. 

At 508, the method mixes the wanted RF signal with the 
first LO signal to provide a first mixed signal. The first mixed 
signal includes frequency at the Sum and difference of the 
wanted RF signal and the first LO signal (and harmonics 
thereof). 

At 510, the method mixes the wanted RF signal with the 
first phase-shifted LO signal to provide a second mixed sig 
nal. The second mixed signal includes frequency at the Sum 
and difference of the wanted RF signal and the first phase 
shifted LO signal (and harmonics thereof). 
At 512, the method provides phase-compensation for the 

second mixed signal, wherein the phase compensation 
accounts for a phase offset from 90° of the second mixed 
signal. 

It will be appreciated that the claims set forth below are not 
limited to the examples illustrated and described above in any 
way. For example, although the examples above described 
relate to so called “Zero IF receivers where wanted RF fre 
quencies are converted directly down to the baseband in a 
single stage, in other embodiments the wanted RF signals can 
be converted down to an intermediate frequency (IF) before 
being converted down to baseband. Also, although specific 
examples of divisors were described above (e.g., examples 
where N=3), it will be appreciated that any integer value 
other-than-two is contemplated as falling within the scope of 
the present invention. For example, values of 4, 5, 6, 7, and so 
on could be chosen for divisors. Also, although the example 
multi-band receivers have been illustrated as having two 
receiver subunits, multiband receivers inaccordance with this 
invention can be extended to any number of receiver subunits. 

Although the disclosure has been shown and described 
with respect to one or more implementations, equivalent 
alterations and modifications will occur to others skilled in 
the art based upon a reading and understanding of this speci 
fication and the annexed drawings. 
The disclosure includes all such modifications and alter 

ations and is limited only by the scope of the following 
claims. In particular regard to the various functions per 
formed by the above described components (e.g., elements 
and/or resources), the terms used to describe such compo 
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6 
nents are intended to correspond, unless otherwise indicated, 
to any component which performs the specified function of 
the described component (e.g., that is functionally equiva 
lent), even though not structurally equivalent to the disclosed 
structure which performs the function in the herein illustrated 
exemplary implementations of the disclosure. In addition, 
while a particular feature of the disclosure may have been 
disclosed with respect to only one of several implementa 
tions, such feature may be combined with one or more other 
features of the other implementations as may be desired and 
advantageous for any given or particular application. In addi 
tion, the articles “a” and “an as used in this application and 
the appended claims are to be construed to mean “one or 
more'. 

Furthermore, to the extent that the terms “includes”, “hav 
ing”, “has”, “with, or variants thereof are used in either the 
detailed description or the claims, such terms are intended to 
be inclusive in a manner similar to the term "comprising.” 

What is claimed is: 
1. A receiver, comprising: 
a first signal generator configured to generate a first local 

oscillator (LO) signal and a first phase-shifted LO sig 
nal, wherein the first LO signal and first phase-shifted 
LO signal both oscillate at a first LO frequency, and 
phase shift the first LO signal and first phase-shifted LO 
signal relative to one another by a first predetermined 
phase shift, wherein the first signal generator comprises 
a first oscillator configured to provide a first oscillation 
signal having a first oscillation frequency, and a first 
frequency divider, having an odd division ratio, config 
ured to convert the first oscillation signal into the first LO 
signal and the first phase-shifted LO signal Such that the 
first oscillation frequency is equal to the first LO fre 
quency multiplied by an odd integer, and 

a second signal generator configured to generate a second 
LO signal and a second phase-shifted LO signal, 
wherein the second LO signal and second phase-shifted 
LO signal both oscillate at a second LO frequency that 
differs from the first LO frequency, and phase shift the 
second LO signal and the second phase-shifted LO sig 
nal relative to one another by a second predetermined 
phase shift that is predetermined to be substantially dif 
ferent from the first predetermined phase shift. 

2. The receiver of claim 1, wherein the first predetermined 
phase shift is about M*180°/N, wherein Mand Nare integers 
and wherein M is less than N. 

3. The receiver of claim 2, wherein M=1 and N=3. 
4. The receiver of claim 1, wherein the predetermined 

phase shift is between about 81 and about 99. 
5. The receiver of claim 1, further comprising: 
a first radio frequency (RF) antenna on which a first RF 

signal is received, wherein first and second receive paths 
stem from the first RF antenna; 

a first mixer located on the first receive path, wherein the 
first mixer is adapted to provide a first mixed signal 
based on the first LO signal and the first RF signal; 

a second mixer located on the second receive path, wherein 
the second mixer is adapted to provide a second mixed 
signal based on the first phase-shifted LO signal and the 
first RF signal; 

a phase compensation block downstream of the second 
mixer, wherein the phase compensation block adjusts 
the second mixed signal to compensate for the first pre 
determined phase shift of the first phase-shifted LO sig 
nal; 
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a second RF antenna on which a second RF signal is 
received, wherein third and fourth receive paths stem 
from the second RF antenna; 

a third mixer located on the third receive path, wherein the 
third mixer is adapted to provide a third mixed signal 
based on the second LO signal and the second RF signal; 
and 

a fourth mixer located on the fourth receive path, wherein 
the fourth mixer is adapted to provide a fourth mixed 
signal based on the second phase-shifted LO signal and 
the second RF signal. 

6. The receiver of claim 5, wherein the first signal generator 
comprises: 

a first oscillator to provide a first oscillation signal having 
a first oscillation frequency; and 

a first frequency divider having an odd division ratio, 
wherein the first frequency divider converts the first 
oscillation signal into the first LO signal and the first 
phase-shifted LO signal such that the first oscillation 
frequency is equal to the first LO frequency multiplied 
by an odd integer. 

7. The receiver of claim 6, wherein the second signal gen 
erator comprises: 

a second oscillator to provide a second oscillation signal 
having a second oscillation frequency, wherein the sec 
ond oscillation frequency is different than the first oscil 
lation frequency; and 

a second frequency divider having an even division ratio, 
wherein the second frequency divider converts the sec 
ond oscillation signal into the second LO signal and the 
second phase-shifted LO signal Such that the second 
oscillation frequency is an even integer multiple of the 
second LO frequency. 

8. The receiver of claim 1, wherein the second LO signal 
and second phase-shifted LO signal are phase shifted relative 
to one another by about 90°. 

9. The receiver of claim 1, wherein the first signal generator 
generates the first LO signal and the first phase-shifted LO 
signal according to the first predetermined phase shift com 
prising 180°/N, wherein N is an integer that is different than 
2. 

10. The receiver of claim 1, wherein the first signal gen 
erator generates the first LO signal and the first phase-shifted 
LO signal according to the first predetermined phase shift 
comprising about 60° and the second signal generator gener 
ates the second LO signal and the second phase-shifted LO 
signal second according to the second predetermined phase 
shift comprising about 90°. 

11. The receiver of claim 1, wherein the first signal gen 
erator generates the first LO signal with one phase shift and 
the first phase-shifted LO signal with a different phase that is 
a non-random and intended mismatch with respect to the one 
phase shift and a function of the first predetermined phase 
shift. 

12. A multi-band receiver, comprising: 
a signal generator configured to provide first and second 

local oscillator (LO) signals and first and second phase 
shifted LO signals, wherein the first LO signal and the 
first phase-shifted LO signal both have a first LO fre 
quency b-ut and are phase shifted relative to one another 
by a first predetermined phase shift, and wherein the 
second LO signal and the second phase-shifted LO sig 
nal both have a second LO frequency and are phase 
shifted relative to one another by a second pre-deter 
mined phase shift that is predetermined to be substan 
tially different from the first predetermined phase shift, 
wherein the signal generator comprises a first oscillator 
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8 
configured to provide a first oscillation signal having a 
first oscillation frequency, and a first frequency divider 
having an odd division ratio, wherein the first frequency 
divider converts the first oscillation signal into the first 
LO signal and the first phase-shifted LO signal such that 
the first oscillation frequency is equal to the first LO 
frequency multiplied by an odd integer, 

a first receiver subunit to down-convert a first radio fre 
quency (RF) signal by using the first LO signal and the 
first phase-shifted LO signal; and 

a second receiver subunit to down-convert a second RF 
signal by using the second LO signal and the second 
phase-shifted LO signal. 

13. The multi-band receiver of claim 12, wherein the signal 
generator further comprises: 

a second oscillator to provide a second oscillation signal 
having a second oscillation frequency, wherein the sec 
ond oscillation frequency is different than the first oscil 
lation frequency; and 

a second frequency divider having an even division ratio, 
wherein the second frequency divider converts the sec 
ond oscillation signal into the second LO signal and the 
second phase-shifted LO signal Such that the second 
oscillation frequency is an even integer multiple of the 
second LO frequency. 

14. The multi-band receiver of claim 12, wherein the first 
receiver Subunit comprises: 

a first mixer to mix the first RF signal with the first LO 
signal to provide a first mixed signal; 

a second mixer to mix the first RF signal with the first 
phase-shifted LO signal to provide a second mixed sig 
nal; and 

a phase compensation block downstream of the second 
mixer, wherein the phase compensation block adjusts 
the second mixed signal to compensate for the pre-de 
termined phase shift of the first phase-shifted LO signal. 

15. The multi-band receiver of claim 14, wherein the sec 
ond receiver Subunit comprises: 

a third mixer to mix the second LO signal with the second 
RF signal to provide a third mixed signal; and 

a fourth mixer to mix the second phase-shifted LO signal 
with the second RF signal to provide a fourth mixed 
signal. 

16. The multi-band receiver of claim 12, wherein the first or 
the second pre-determined phase shift is a fixed value 
between about 9° and about 81. 

17. The multi-band receiver of claim 12, wherein the first or 
the second pre-determined phase shift is about 180°/N. 
wherein N is an odd integer. 

18. The multi-band receiver of claim 12, wherein the signal 
generator generates the second LO signal and the second 
phase-shifted LO signal according to the predetermined 
phase shift comprising 180°/N, wherein N is an integer that is 
different than 2. 

19. The multi-band receiver of claim 12, wherein the signal 
generator generates the second LO signal and the second 
phase-shifted LO signal according to the predetermined 
phase shift comprising 60°. 

20. The multi-band receiver of claim 12, wherein the signal 
generator generates the second LO signal with one phase and 
the second phase-shifted LO signal with a different phase that 
is an intended mismatch with respect to the one phase shift. 

21. A method, comprising: 
receiving a first wanted RF signal having a first wanted RF 

frequency over a radio frequency (RF) antenna; 
providing a first oscillator frequency; 
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dividing the first oscillator frequency by N to generate a 
first local oscillator (LO) signal and a first phase-shifted 
LO signal, wherein the first LO signal and the first 
phase-shifted LO signal share a common first frequency 
and are phase-shifted relative to one another by a first 
predetermined phase shift of M*180°/N that is predeter 
mined to be substantially different from 90°, wherein M 
and N are integers, M-N, and M/N is other than /2: 

mixing the first wanted RF signal with the first phase 
shifted LO signal to provide a first mixed signal; 

performing phase-compensation on the first mixed signal 
to account for a phase offset from 90° relative to the first 
LO signal; 

receiving a second wanted RF signal having a second 
wanted RF frequency; 

providing a second oscillator frequency that differs from 
the first oscillator frequency: 

dividing the second oscillator frequency to generate a sec 
ond (LO) signal and a second phase-shifted LO signal, 
wherein the second LO signal and the second phase 
shifted LO signal share a common second frequency that 
is different from the common first frequency and are 
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phase-shifted relative to one another by a second phase 
shift of approximately 90° that is substantially different 
from the first phase shift: 

mixing the second wanted RF signal with the second LO 
signal to provide a third mixed signal; 

mixing the second wanted RF signal with the second 
phase-shifted LO signal to provide a fourth mixed sig 
nal; and 

using the third and fourth mixed signals to retrieve a second 
digital bitstream present in the second RF wanted signal. 

22. The method of claim 21, further comprising: 
mixing the first wanted RF signal with the first LO signal to 

provide a second mixed signal; and 
using the first and second mixed signals to retrieve a first 

digital bitstream present in the first RF wanted signal. 
23. The method of claim 21, wherein M is equal to 1 and N 

is equal to 3. 
24. The method of claim 21, wherein the first LO signal 

comprises one phase and the first phase-shifted LO signal 
comprises a different phase that is an intended mismatch with 
respect to the one phase. 
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